Summary.-Gravimetric and histological studies of lymphoreticular tissues during growth of a syngeneic squamous cell carcinoma in Wistar rats show that the regional lymph node anergy reported previously in this system is associated with replacement of paracortical small lymphocytes by large blastoid cells. The regional node continued to gain weight throughout the period of anergy and showed no atrophy and minimal necrosis. Over the same period the spleen increased in both weight and cytotoxicity.
IN A syngeneic rat tumour system regional lymph node lymphocytes, cytotoxic to tumour cells early in tumour growth, lose this capacity as the tumour progresses and become totally unresponsive, whereas spleen and blood lymphocytes remain cytotoxic (Flannery et at., 1973a) . This lymphocyte anergy is a likely explanation of the failure to detect cytotoxicity in the regional nodes of human (Di Saia et al., 1971; Nairn et at., 1971 Nairn et at., , 1972 Vanky and Stjernsward, 1971; Nairn, 1973; Nind et al., 1973) and animal tumour bearers (Bellone and Pollard, 1970; Firket and Lafontaine, 1972; Ortiz de Landazuri and Herberman, 1972; Currie and Gage, 1973) when other lymphocytes are demonstrably cytotoxic; it could explain the inability of host immune responses to prevent tumour metastasis to regional lymph nodes. Gravimetric and histological changes in the lymphoid tissues during the development of cytotoxicity and local anergy in the present experimental model show that the anergy is associated with a change of lymphoid morphology.
MATERIALS AND METHODS
The growth of a transplantable squamous cell carcinoma in Wistar rats and the use of tumour cell suspensions for inoculations have been already described (Flannery et al., 1973a) . Rats were inoculated subcutaneously in the medial aspect of the right thigh with 104 viable tumour cells, previously shown to produce tumours in all animals and death in 8-10 weeks. Groups of 8-16 rats were killed 2, 4, 6 and 8 weeks after tumour inoculation; 20 normal rats provided control tissues. Equal numbers of adult male (290 g) and female rats (190 g) were studied. Spleens, regional (right inguinal) nodes, intermediate (para-aortic) nodes, distant (cervical) nodes and mediastinal nodes (regional to disseminated tumour masses in the lungs) were removed, weighed immediately and fixed in 10% phosphate buffered formalin. Sections (5,um) were stained with haematoxylin and eosin, or methyl greenpyronin (Drury and Wallington, 1967) .
Blocks of formalin fixed spleen were snap frozen and cryostat sections (6 ,um) were stained with oil red 0 and sudan IV.
RESULTS
The mean organ weights and standard errors are given in the the control value. In contrast, the lymphocytotoxicity studied in parallel experiments (Flannery et --VVO%f during tumour growth are summarized in Fig. 3 . At Week 2 of tumour growth, the cortex was usually reduced, some small follicles were still present and the paracortex was larger and contained mainly small lymphocytes and histiocytes, and in subcortical areas fibrous tissue was conspicuous; plasma cells were scanty in the medulla. Small nests of tumour cells were present in the capsule and surrounding connective tissue of one node. As tumour progressed, cortical germinal centres became fewer and were absent by Week 6; the paracortex was diminished, small lymphocytes were fewer while histiocytes were abundant. At Week 8, the paracortex, still small, contained mainly large pale staining blastoid cells and few small lymphocytes (Fig. 4) in 3 nodes, was unrelated to medullary plasma cell number. Para-aortic nodes from normal rats showed a cortex with more numerous follicles and germinal centres than the inguinal nodes, a prominent paracortex with small lymphocytes and plasma cells in the medulla. As tumour progressed, the node cortex showed an initial decline in the number ofgerminal centres, followed by their reappearance with many large blastoid cells staining positively with methyl green-pyronin. The paracortex, composed of small lymphocytes, increased in size at first and then diminished. Plasma cells were evident in the medullary region at all times and by Week 6 areas of histiocytic infiltration and necrosis were seen. Tumour cells were present in 1 of 8 nodes at Week 8.
Mediastinal nodes from normal rats showed a cortex containing prominent follicles and paracortex consisting of small lymphocytes; the medulla was large and contained many plasma cells. As tumour progressed, these nodes, regional to metastatic lung deposits, showed a decline in the number of cortical follicles, after which they increased again, many of the cells being large, blastoid and positively staining with methyl green-pyronin. The present in the medulla by Week 6 and histiocytes were abundant. Spleens from normal rats showed a clearly demarcated red pulp, and white pulp cointaining well defined periarteriolar sheaths of small lymphocytes. Lymphoid follicles with blastoid cells in germinal centres were seen occasionally; plasma cells were sparse. As tumour progressed, the white pulp increased, many areas showed total loss of germinal centres and periarteriolar sheaths contained small lymphocytes less densely packed than in controls (Fig. 5) . Histiocytes proliferated in the red pulp. Small foci of tumour were present in some spleens by Week 4, but extensive tumour invasion was not seen.
DISCUSSION
The regional lymph node anergy developing during tumour growth cannot be attributed either to lymphoid atrophy or necrosis. The node weight increased biphasically with tumour growth (cf. Edwards et al., 1971 ) and the principal histological finding was replacement of paracortical small lymphocytes by large, pale staining blastoid cells. Since the effector lymphocyte in our in vitro assay is likely to be T cell (Matthews et al., 1975 ) and the paracortex is the major site of node T cells (Goldschneider and McGregor, 1973) , the simplest explanation of " terminal " anergy may be lack of sufficient " killer " cells, perhaps from failure of maturation, or alternatively depletion after tumour killing. The blastoid cell replacement might represent activated cells, unable to differentiate to killer cells following cell binding of antigen-antibody complexes. The " failure to release " blastoid cells from regional node reported by Alexander et al. (1969) might be another manifestation of this same phenomenon. Alternatively, the blastoid cells could represent a switch in the immune response from primarily cell mediated to humoral, since some of the blastoid cells were methyl-green pyronin positive.
We have shown previously that the regional lymph node anergy occurs simultaneously with the appearance in the serum of activity which abrogates cell mediated tumour cell killing (Flannery et al., 1973b) . Recent studies have shown that such serum blocks only at the target cell level and does not inhibit the effector cells (Chalmers et al., unpublished data). Further, extensive washing of the anergic lymphocytes, which Currie and Basham (1972) have shown to enhance antitumour cytotoxicity of human lymphocytes, failed to reverse the anergy and no lymphocyte bound antibody was detected by immunofluorescence. These findings suggest that lymphocyte blinding by antigen or antigen-antibody complexes is unlikely to be the explanation of the loss of immunoreactivity. Currie and Gage (1973) reported that maintenance of regional node anti-tumour activity late in the growth of a methylcholanthrene induced sarcoma was a property of histiocytic killing. In our experiments, histiocytes were sparse in anergic regional nodes. The gravimetric changes in the non-regional lymph nodes showed no consistent relationship with cytotoxicity. Intermediate node small lymphocytes increased at the time of maximum cytotoxicity and blastoid cells present at Weeks 6 and 8 were similar to those in the anergic regional node but were associated with histiocytes, to which maintenance of cytotoxicity might be attributable. Distant nodes showed little evidence of small lymphocyte proliferation. The 6-8 week mediastinal nodes had blastoid cells and resembled the late regional nodes except that histiocytes were abundant. This could be delayed " regional" node reaction to pulmonary metastases, although the cytoxicity was not studied.
Spleen weight showed positive correlation with cytotoxicity and the rapid phase of weight increase coincided with marked histiocyte infiltration. However, the cytotoxicity at later stages of tumour growth is unlikely to be due to histiocyte killing, as phagocytic cells appear to play no part in in vitro cytotoxicity by spleen cells in our test system (Flannery et al., 1973a; Matthews et al., 1975) .
In conclusion, regional lymphoid anergy in this experimental system appears due to replacement of killer T lymphocytes by blasts rather than to their paralysis.
